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ACTION: Final rule.

SUMMARY: The Energy Policy and Conservation Act of 1975 (EPCA), as amended,
sets forth a variety of provisions designed to improve energy efficiency. Part C of Title
Il establishes the "Energy Conservation Program for Certain Industrial Equipment.” The
covered equipment includes pumps. In this final rule, the U.S. Department of Energy
(DOE) adopts new energy conservation standards for pumps. DOE has determined that
the new energy conservation standards for pumps would result in significant conservation

of energy, and are technologically feasible and economically justified.

DATES: The effective date of this rule is [INSERT DATE 60 DAYS AFTER DATE

OF PUBLICATION IN THE FEDERAL REGISTER]. Compliance with the new
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standards established for pumps in this final rule is required on and after January 27,

2020.

ADDRESSES: The docket, which includes Federal Register notices, public meeting
attendee lists and transcripts, comments, and other supporting documents/materials, is
available for review at www.regulations.gov. All documents in the docket are listed in
the www.regulations.gov index. However, some documents listed in the index, such as
those containing information that is exempt from public disclosure, may not be publicly

available.

A link to the docket web page can be found at:
www.regulations.gov/#!docketDetail;D=EERE-2011-BT-STD-0031. The
www.regulations.gov web page will contain instructions on how to access all documents,

including public comments, in the docket.

For further information on how to review the docket, contact Ms. Brenda Edwards

at (202) 586-2945 or by email: Brenda.Edwards@ee.doe.gov.

FOR FURTHER INFORMATION CONTACT:

John Cymbalsky, U.S. Department of Energy, Office of Energy Efficiency and
Renewable Energy, Building Technologies Office, EE-5B, 1000 Independence Avenue,
SW., Washington, DC, 20585-0121. Telephone: (202) 287-1692. E-mail:

pumps@ee.doe.gov.



Elizabeth Kohl, U.S. Department of Energy, Office of the General Counsel, GC-
33, 1000 Independence Avenue, SW., Washington, DC, 20585-0121. Telephone: (202)

586-9507. E-mail: Elizabeth.Kohl@ hg.doe.gov.
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I. Synopsis of the Final Rule

Title 111 of the Energy Policy and Conservation Act of 1975 (42 U.S.C.6291, et

seq.; “EPCA”), Pub. L. 94-163, sets forth a variety of provisions designed to improve

energy efficiency. Part C of Title 1ll, which for editorial reasons was re-designated as

Part A-1 upon incorporation into the U.S. Code (42 U.S.C. 6311-6317), establishes the



"Energy Conservation Program for Certain Industrial Equipment.” Covered industrial

equipment includes pumps, the subject of this document. (42 U.S.C. 6311(1)(H)).

The standards for certain pumps set forth in this document reflect the consensus
of a stakeholder negotiation. A working group was established under the Appliance
Standards and Rulemaking Federal Advisory Committee (ASRAC) in accordance with
the Federal Advisory Committee Act (FACA) and the Negotiated Rulemaking Act
(NRA). (5 U.S.C. App.; 5U.S.C. 561-570) The purpose of the working group was to
discuss and, if possible, reach consensus on proposed standards for pump energy
efficiency. On June 19, 2014, the working group successfully reached consensus on
proposed energy conservation standards for specific rotodynamic, clean water pumps
used in a variety of commercial, industrial, agricultural, and municipal applications. See
section 11.B for further discussion of the working group, section 11.C for the industry

sectors covered, and section I11.C for a description of the relevant pumps.

The new standards are expressed as a Pump Energy Index (PEI). PEls for each
equipment class and the respective nominal design speed are shown in Table I.1. These
standards apply to all equipment classes listed in Table 1.1 and manufactured in, or

imported into, the United States on and after January 27, 2020.

L All references to EPCA in this document refer to the statute as amended through the Energy Efficiency
Improvement Act of 2015, Pub. L. 114-11 (Apr. 30, 2015).



Table 1.1 New Energy Conservation Standards for Pumps
(Compliance Starting January 27, 2020)

Standard Level = Efficiency
Equipment Class” PEI Percentile C-Values
ESCC.1800.CL 1.00 25% 128.47
ESCC.3600.CL 1.00 25% 130.42
ESCC.1800.VL 1.00 25% 128.47
ESCC.3600.VL 1.00 25% 130.42
ESFM.1800.CL 1.00 25% 128.85
ESFM.3600.CL 1.00 25% 130.99
ESFM.1800.VL 1.00 25% 128.85
ESFM.3600.VL 1.00 25% 130.99
IL.1800.CL 1.00 25% 129.30
IL.3600.CL 1.00 25% 133.84
IL.1800.VL 1.00 25% 129.30
IL.3600.VL 1.00 25% 133.84
RSV.1800.CL 1.00 0%" 129.63
RSV.3600.CL 1.00 0%" 133.20
RSV.1800.VL 1.00 0%* 129.63
RSV.3600.VL 1.00 0% 133.20
VTS.1800.CL 1.00 0%"" 138.78
VTS.3600.CL 1.00 25% 134.85
VTS.1800.VL 1.00 0% " 138.78
VTS.3600.VL 1.00 25% 134.85

" Equipment class designations consist ofa combination (in sequential order separated by periods) of: (1) an
equipment family (ESCC = end suction close-coupled, ESFM = end suction frame mounted/own bearing,
IL = inline, RSV = radially split, multi-stage, vertical, in-line diffuser casing, VTS = submersible turbine);
(2) anominal design speed (1800 =1800 revolutions per minute (rpm), 3600 = 3600 rpm); and (3) an
operating mode (CL =constantload, VL = variable load). For example, ‘“ESCC.1800.CL’’ refers to the
“‘end suction close-coupled, 1,800 rpm, constantload” equipment class. See discussion in chapter 5 of the
final rule technical supportdocument (TSD) for a more detailed explanation of the equipment class
terminology.

“* A pump model is compliant if its PEI rating is less than or equal to the adopted standard.

"The standard level for RSV was set at a level that harmonized with the current European Union energy
conservation standard level. See discussion insection IV.A.2.a for more detail regarding matters related to
harmonization.

" The standard level for VTS.1800 was set based on the baseline C-value for VTS.3600 pumps due to
limited data availability. See discussion in section IV.A.2.b for more detail.

Under the adopted standards, a pump model would be compliant if its PEI rating
is less than or equal to the adopted standard. PEI is defined as the pump efficiency rating

(PER) for a given pump model (at full impeller diameter), divided by a calculated




minimally compliant PER for the given pump model. PER is defined as a weighted
average of the electric input power supplied to the pump over a specified load profile,
represented in units of horsepower (hp). A value of PEI greater than 1.00 would indicate
that the pump does not comply with DOE’s energy conservation standard, while a value

less than 1.00 would indicate that the pump is more efficient than the standard requires.

The minimally compliant PER is unique to each pump model and is a function of
specific speed (a dimensionless quantity describing the geometry of the pump); flow at
best efficiency point (BEP); and a specified C-value. A C-value is the translational
component of a three-dimensional polynomial equation that describes the attainable
hydraulic efficiency of pumps as a function of flow at BEP, specific speed, and C-value.
Thus, when a C-value is used to define an efficiency level, that efficiency level can be
considered equally attainable across the full scope of flow and specific speed

encompassed by this final rule.

A certain percentage of pumps currently on the market will not meet each
efficiency level. That percentage can be referred to as the efficiency percentile. For
example, if 10% of the pumps on the market do not meet a specified efficiency level, that
efficiency level represents the lower 10th percentile of efficiency. The efficiency
percentile is an effective descriptor of the impact of a selected efficiency level (selected

C-value) on the current market.



The C-values listed in Table 1.1 correspond to the lower 25th percentile of
efficiency for the End Suction Close-Coupled (ESCC), End Suction Frame
Mounted/Own Bearings (ESFM), and In-line (IL) equipment classes. For the Submersible
Turbine (VTS) equipment classes?, the C-values of 3600 rpm speed pumps correspond to
the lower 25" percentile of efficiency, while those of 1800 rpm speed pumps correspond
to the baseline efficiency level. The C-values for the radially split, multi-stage, vertical,
in-line diffuser casing (RSV) equipment class harmonize with the standards recently
enacted in the European Union.® Models in the RSV equipment class are known to be
global platforms with no differentiation between products sold into the United States and

European Union markets.* Section 111.C describes the PEI metric in further detail.

A. Benefits and Costs to Consumers

Table 1.2 presents DOE’s evaluation of the economic impacts of the adopted
standards on consumers of pumps, as measured by the average life-cycle cost (LCC)

savings and the simple payback period (PBP).° The average LCC savings are positive for

2 In thetest procedure final rule (See EERE-2013-BT-TP-0055), DOE changed the terminology for this
equipment class from “vertical turbine submersible” to “submersible turbine” for consistency with the
definition of this equipment class. DOE is adopting the acronym “ST” in the regulatory text for long-term
consistency with the defined term but has retained the “VTS” abbreviation in the preamble for consistency
with the energy conservation standards NOPR and all Working Group discussions and recommendations to
date (Docket No. EERE-2013-BT-NOC-0039).

% Council of the European Union. 2012. Commission Regulation (EU) No 547/2012 of 25 June 2012
implementing Directive 2009/125/EC of the European Parliament and of the Council with regard to
ecodesign requirements for water pumps. Official Journal of the European Union. L 165, 26 June 2012, pp.
28-36.

* Market research, limited confidential manufacturer data, and direct input from the CIP working group
indicate that RSV models sold in the United States market are global platforms with hydraulic designs
equivalent to those in the European market.

® The average LCC savings are measured relative to the no-new-standards case efficiency distribution,
which depicts the market in the compliance year (seesection IV.H.2). The simple PBP, which is designed

10



all equipment classes for which consumers would be impacted by the adopted standards®
and the PBP is less than the average lifetime of pumps, which is estimated to range
between 11 and 23 years depending on equipment class, with an average of 15 years (see

section 1V.F.2.g).

Table 1.2 Impacts of Adopted Energy Conservation Standards on Consumers of

Pumps
Equipment Class | Average LCC Savings | Simple Payback Period
(20149) (years)

ESCC.1800 163 2.2
ESCC.3600 92 1.0
ESFM.1800 174 2.9
ESFM.3600 549 0.8
IL.1800 147 2.9
IL.3600 138 2.0
RSV.1800 N/A N/A
RSV.3600 N/A N/A
VTS.1800 N/A N/A
VTS.3600 17 3.1

Notes: DOE relied onavailable datafor bare pumps with no information on configuration. Therefore, DOE
conducted analysis at the level of equipment type and nominal design speed only. DOE is adopting
identical standards for both CL and VL equipment classes.

Economic results are not presented for RSV.1800, RSV.3600, and VTS.1800 classes because the adopted
standard is at the baseline.

DOE’s analysis of the impacts of the adopted standards on consumers is described

in section IV.F of this document.

B. Impact on Manufacturers

The industry net present value (INPV) is the sum of the discounted cash flows to

the industry from the base year through the end of the analysis period (2015 to 2049).

to compare specific pump efficiency levels, is measured relative to the baseline model (see section
IV.C.1b).

® DOE also calculates a distribution of LCC savings; the percentage of consumers that would have negative
LCC savings (net cost) under the adopted standards is shown in section V.B.1a.
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Using a real discount rate of 11.8 percent,” DOE estimates that the (INPV) for
manufacturers of pumps in the case without new standards is $120.0 million in 2014$.
Under the standards adopted in this final rule, DOE expects INPV impacts to be between
a loss of 32.9 percent to an increase of 7.0 percent of INPV, which is between
approximately -$39.5 million and $8.4 million. Additionally, based on DOE’s interviews
with pump manufacturers, DOE does not expect significant impacts on manufacturing
capacity or loss of employment for the industry as a whole to result from the standards

for pumps. DOE expects the industry to incur $81.2 million in conversion costs.

DOE’s analysis of the impacts of the adopted standards on manufacturers is

described in section V.B.2 of this document.

C. National Benefits®

DOE’s analyses indicate that the adopted energy conservation standards for
pumps would save a significant amount of energy. Relative to the case without new
standards, the lifetime energy savings for pumps purchased in the 30-year period that
begins in the anticipated year of compliance with the new standards (2020-2049),

amount to 0.29 quadrillion Btu (quads).” This represents a savings of one percent relative

" DOE estimated draft financial metrics, including the industry discount rate, based on data from Securities
and Exchange Commission (SEC) filings. DOE presented the draft financial metrics to manufacturers in
MIA interviews and adjusted those values based on feedback from industry. The complete set of financial
metrics and more detail about the methodology can be found in section 12.4.3 of TSD chapter 12.
& All monetary values in this section are expressed in 2014 dollars and, where appropriate, are discounted to
2015 unless explicitly stated otherwise. Energy savings in this section refer to the full-fuel-cycle savings
gsee section IV.H for discussion).

A quad is equal to 10*° British thermal units (Btu). The quantity refers to full-fuel-cycle (FFC) energy
savings. FFC energy savings includes the energy consumed in extracting, processing, and transporting

12



to the energy use of these products in the case without new standards (referred to as the

“no-new-standards case”).

The cumulative net present value (NPV) of total consumer costs and savings of
the standards for pumps ranges from $0.39 billion (at a 7-percent discount rate) to $1.1
billion (at a 3-percent discount rate). This NPV expresses the estimated total value of
future operating-cost savings minus the estimated increased equipment costs for pumps

purchased in 2020-2049.

In addition, the standards for pumps would have significant environmental
benefits. DOE estimates that the standards would result in cumulative greenhouse gas
emission reductions (over the same period as for energy savings) of 17 million metric
tons (Mt)'° of carbon dioxide (CO,), 9.5 thousand tons of sulfur dioxide (SO,), 31 tons of
nitrogen oxides (NOx), 75 thousand tons of methane (CHj), 0.20 thousand tons of nitrous
oxide (N»0),and 0.035 tons of mercury (Hg).!* The cumulative reduction in CO
emissions through 2030 amounts to 2.7 Mt, which is equivalent to the emissions resulting

from the annual electricity use of more than 0.37 million homes.

The value of the CO; reductions is calculated using a range of values per metric

ton of CO, (otherwise known as the Social Cost of Carbon, or SCC) developed by a

primary fuels (i.e., coal, natural gas, petroleum fuels), and, thus, presents a more complete picture of the
impacts of energy efficiency standards. Formore information onthe FFC metric, seesection IV.H.1.

10 A metric ton is equivalent to 1.1 short tons. Results for NOx and Hg are presented in shorttons.

Y1 DOE calculated emissions reductions relative to the no-new-standards-case, which reflects key
assumptions in the Annual Energy Outlook 2015 (AEO 2015) Reference case, which generally represents
current legislation and environmental regulations for which implementing regulations were available as of
October 31, 2014.
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recent Federal interagency process.'?> The derivation of the SCC values is discussed in
section IV.L.1. Using discount rates appropriate for each set of SCC values, DOE
estimates that the net present monetary value of the CO;emissions reduction (not
including CO; equivalent emissions of other gases with global warming potential) is
between $0.11 billion and $1.6 billion, with a value of $0.52 billion using the central
SCC case represented by $40.0/t in 2015. DOE also estimates that the net present
monetary value of the NOx emissions reduction to be $0.04 billion at a 7-percent

discount rate, and $0.09 billion at a 3-percent discount rate.™®

Table 1.3 summarizes the national economic benefits and costs expected to result

from the adopted standards for pumps.

12 Technical Update of the Social Cost of Carbon for Regulatory Impact Analysis Under Executive Order
12866. Interagency Working Group on Social Cost of Carbon, United States Government (May 2013;
revised July 2015) (Available at: www.whitehouse.gov/sites/default/files/omb/inforeg/scc-tsd-final-july-
2015.pdf).

13 DOE estimated the monetized value of NOx emissions reductions using benefit per ton estimates from
the Requlatory Impact Analysis titled, “Proposed Carbon Pollution Guidelines for Existing Power Plants
and Emission Standards for Modified and Reconstructed Power Plants, ” published in June 2014 by EPA’s
Office of Air Quality Planning and Standards. (Available at:
http://www3.epa.gov/ttnecasl/regdata/RIAs/111dproposalRIAfinal0602.pdf.) See section IV.L.2 for
further discussion. Note that the agency is presenting a national benefit-per-ton estimate for particulate
matter emitted from the Electricity Generating Unit sectorbased on an estimate of premature mortality
derived from the ACS study (Krewski et al., 2009). If the benefit-per-ton estimates were based onthe Six
Cities study (Lepuele et al., 2011), thevalues would be nearly two-and-a-half times larger. Because of the
sensitivity of the benefit-per-ton estimate to the geographical considerations of sources and receptors of
emissions, DOE intends to investigate refinements to the agency’s current approach of one national
estimate by assessing the regional approach taken by EPA’s Regulatory Impact Analysis for the Clean
Power Plan Final Rule. Note that DOE is currently investigating valuation of avoided SO, and Hg
emissions.
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Table 1.3 Summary of National Economic Benefits and Costs of Adopted Energy
Conservation Standards for Pumps*

Present Discount
Category Value Rate
Billion 2014$
Benefits

Consumer Operating Cost Savings 05 %
peraing 9 14 3%
CO; Reduction Value ($12.2/t case)** 0.1 5%
CO; Reduction Value ($40.0/t case)** 0.5 3%
CO; Reduction Value ($62.3/t case)** 0.8 2.5%
CO; Reduction Value ($117/t case)** 1.6 3%
NOx Reduction Monetized Valu 0.04 AL
x Reduction Monetize aluet 0.09 3%
1.1 7%

Total Benefit
0 enefits T 50 3%

Costs
0.2 7%
Consumer Incremental Installed Costs 03 3%
Total Net Benefits

Including CO; and NOx Reduction Monetized 0.9 7%
Valuett 1.7 3%

* This table presents the costs and benefits associated with pumps shipped in 2020-2049. These results
include benefits to consumers which accrue after 2049 from the products purchased in 2020-2049. The
costs account for the incremental variable and fixed costs incurred by manufacturers due to the standard,
some of which may be incurred in preparation for the rule.

** The CO, values represent global monetized values of the SCC, in 2014$, in 2015 under several scenarios
of the updated SCC values. The first three cases use the averages of SCC distributions calculated using 5%,
3%, and 2.5% discount rates, respectively. The fourth case represents the 95 percentile of the SCC
distribution calculated using a 3% discountrate. The SCC time series incorporate an escalation factor.

+ The $/ton values used for NOy are described in section IV.L.2. DOE estimated the monetized value of
NOyx emissions reductions using benefit per ton estimates from the Regulatory Impact Analysis titled,
“Proposed Carbon Pollution Guidelines for Existing Power Plants and Emission Standards for Modified
and Reconstructed Power Plants, ” published in June 2014 by EPA’s Office of Air Quality Planning and
Standards. (Available at: http://wwwa3.epa.gov/ttnecasl/regdata/RIAs/111dproposalRIAfinal0602.pdf.) See
section IV.L.2 for further discussion. Note that theagency is presenting a national benefit-per-ton estimate
for particulate matter emitted from the Electricity Generating Unit sectorbased on an estimate of premature
mortality derived from the ACS study (Krewski et al., 2009). If the benefit-per-ton estimates were based on
the Six Cities study (Lepuele et al., 2011), thevalues would be nearly two-and-a-half times larger. Because
of the sensitivity of the benefit-per-ton estimate to the geographical considerations of sources and receptors
of emissions, DOE intends to investigate refinements to the agency’s current approach of one national
estimate by assessing the regional approach taken by EPA’s Regulatory Impact Analysis for the Clean
Power Plan Final Rule.

+1 Total Benefits for both the 3% and 7% cases are derived using the series corresponding to average SCC
with 3-percent discount rate ($40.0/t case).
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The benefits and costs of the adopted standards, for pumps sold in 2020-2049, can
also be expressed in terms of annualized values. The monetary values for the total
annualized net benefits are the sum of (1) the national economic value of the benefits in
reduced operating costs, minus (2) the increases in product purchase prices and
installation costs, plus (3) the value of the benefits of CO,and NOx emission reductions,

all annualized.**

Although DOE believes that the value of operating cost savings and CO5 emission
reductions are both important, two issues are relevant. First, the national operating cost
savings are domestic U.S. consumer monetary savings that occur as a result of market
transactions, whereas the value of CO; reductions is based on a global value. Second, the
assessments of operating cost savings and CO, savings are performed with different
methods that use different time frames for analysis. The national operating cost savings
are measured for the lifetime of pumps shipped in 2020-2049. Because CO, emissions
have a very long residence time in the atmosphere,™ the SCC values in future years

reflect future CO,-emissions impacts that continue beyond 2100.

1% To convert the time-series of costs and benefits into annualized values, DOE calculated a present value in
2015, the year used for discounting the NPV of total consumer costs and savings. For the benefits, DOE
calculated a present value associated with each year’s shipments in the year in which the shipments occur
(e.g., 2020 or 2030), and then discounted the present value from each year to 2015. The calculation uses
discount rates of 3 and 7 percent for all costs and benefits except for the value of CO, reductions, for which
DOE used case-specific discount rates,as shown in Table 1.3. Using the present value, DOE then calculated
the fixed annual payment over a 30-year period, starting in the compliance year that yields the same present
value.

1% The atmospheric lifetime of CO, is estimated of the order of 30-95 years. Jacobson, MZ (2005),
"Correction to ‘Control of fossil-fuel particulate black carbon and organic matter, possibly the most
effective method of slowing global warming,”" J. Geophys. Res. 110. pp. D14105.
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Estimates of annualized benefits and costs of the adopted standards are shown in
Table 1.4. The results under the primary estimate are as follows. Using a 7-percent
discount rate for benefits and costs other than CO3 reduction, (for which DOE used a 3-
percent discount rate along with the SCC series that has a value of $40.0/t in 2015),%° the
estimated cost of the standards in this rule is $17 million per year in increased equipment
costs, while the estimated annual benefits are $58 million in reduced equipment operating
costs, $30 million in CO; reductions, and $3.7 million in reduced NOx emissions. In this
case, the net benefit amounts to $74 million per year. Using a 3-percent discount rate for
all benefits and costs and the SCC series has a value of $40.0/t in 2015, the estimated cost
of the standards is $17 million per year in increased equipment costs, while the estimated
annual benefits are $78 million in reduced operating costs, $30 million in CO; reductions,
and $5.4 million in reduced NOx emissions. In this case, the net benefit amounts to $96

million per year.

'® DOE used a 3-percent discount rate because the SCC values for the series used in the calculation were
derived using a 3-percent discountrate (see section IV.L.1).
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Table 1.4 Annualized Benefits and Costs of Adopted Energy Conservation

Standards for Pumps*

Low Net High Net
Primary Estimate Benefits Benefits
Discount Rate Estimate Estimate
million 2014%$/year
Benefits
Consumer Operating Cost % 58 52 68
Savings 3% 78 70 94
CO, Reduction Value
($12.2/t case)*™* 5% 8.7 8.1 9.5
CO, Reduction Value
($40.0/t case)** 3% 30 28 33
CO, Reduction Value
($62.3/t case)** 2.5% 44 41 48
CO, Reduction Value 0
($117/t case)** 3% 91 84 99
. 7% 3.7 3.5 9.0
NOx Reduction Valuet
3% 5.4 5.0 13
7% plus CO, 70 to 152 64 to 140 86 to 176
range
Total Benefitstt e o1 83 109
encIus
3% plus CO, 92 to 174 83 to 159 116 to 206
range
3% 113 102 139
Costs
Consumer Incremental % 17 19 17
Equipment Costs 3% 17 20 18
Net Benefits
7% plus CO, 5310 136 4510121 69 to 159
range
7% 74 65 92
Totalf
3% plus CO, 7510 157 63 t0 139 99 to 189
range
3% 96 83 122

* This table presents the annualized costs and benefits associated with pumps shipped in 2020-2049. These
results include benefits to consumers which accrue after 2049 from the pumps purchased from 2020-2049.

The results account for the incremental variable and fixed costs incurred by manufacturers dueto the

standard, some of which may be incurred in preparation for the rule. The Primary, Low Benefits, and High
Benefits Estimates utilize projections of energy prices and shipments from the AEO 2015 Reference case,

Low Economic Growth case, and High Economic Growth case, respectively. In addition, incremental
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equipment costs reflect constant real prices in the Primary Estimate, an increase in the Low Benefits
Estimate, and a decrease in the High Benefits Estimate. The methods used to derive projected price trends
are explained in IV.F.2.a.

** The CO, values represent global monetized values of the SCC, in 2014$, in 2015 under several scenarios
of the updated SCC values. The first three cases use the averages of SCC distributions calculated using 5%,
3%, and 2.5% discountrates, respectively. The fourth case represents the g5t percentile of the SCC
distribution calculated using a 3% discountrate. The SCC time series incorporate an escalation factor.

+ The $/ton values used for NOy are described in section IV.L.2. DOE estimated the monetized value of
NOx emissions reductions using benefit per ton estimates from the Regulatory Impact Analysis titled,
“Proposed Carbon Pollution Guidelines for Existing Power Plants and Emission Standards for Modified
and Reconstructed Power Plants,” published in June 2014 by EPA’s Office of Air Quality Planning and
Standards. (Available at: http://wwwa3.epa.gov/ttnecasl/regdata/RIAs/111dproposalRIAfinal0602.pdf.) See
section [V.L.2 for further discussion. For DOE’s Primary Estimate and Low Net Benefits Estimate, the
agency is presenting a national benefit-per-ton estimate for particulate matter emitted from the Electric
Generating Unit sectorbased on an estimate of premature mortality derived from the ACS study (Krewski
et al., 2009). For DOE’s High Net Benefits Estimate, the benefit-per-ton estimates were based on the Six
Cities study (Lepuele et al., 2011), which are nearly two-and-a-half times larger than those from the ACS
study. Because of the sensitivity of the benefit-per-ton estimate to the geographical considerations of
sources and receptors of emission, DOE intends to investigate refinements to the agency’s current approach
of one national estimate by assessing the regional approach taken by EPA’s Regulatory Impact Analysis for
the Clean Power Plan Final Rule.

1+ Total Benefits for both the 3% and 7% cases are derived using the series corresponding to the average
SCC with 3-percent discount rate ($40.0/t case). In the rows labeled “7% plus CO; range” and “3% plus
CO; range,” the operating cost and NOyx benefits are calculated using the labeled discountrate, and those
values are added to the full range of CO, values.

DOE’s analysis of the national impacts of the adopted standards is described in

sections IV.H, IV.K, and IV.L of this document.

D. Conclusion

Based on the analyses culminating in this final rule, DOE found the benefits to the
nation of the standards (energy savings, LCC savings for most consumers, positive NPV
of consumer benefit, and emission reductions) outweigh the burdens (potential loss of
INPV and LCC increases for some users of these products). DOE has concluded that the
standards in this final rule represent the maximum improvement in energy efficiency that
is technologically feasible and economically justified, and would result in significant

conservation of energy.
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I1. Introduction
The following section briefly discusses the statutory authority underlying this
final rule, as well as some of the relevant historical background related to the

establishment of standards for pumps.

A. Authority

Title III of the Energy Policy and Conservation Act of 1975 “EPCA”), Pub. L. 94-
163, codified at 42 U.S.C. 6291 et seq., sets forth a variety of provisions designed to
improve energy efficiency. Part C of Title Ill, which for editorial reasons was re-
designated as Part A-1 upon incorporation into the U.S. Code (42 U.S.C. 6311 et seq.),
establishes the "Energy Conservation Program for Certain Industrial Equipment.” The
covered equipment includes pumps, the subject of this rulemaking. (42 U.S.C.

6311(1)(A))'" There are currently no energy conservation standards for pumps.

Pursuant to EPCA, DOE’s energy conservation program for covered equipment
consists essentially of four parts: (1) testing; (2) labeling; (3) the establishment of Federal
energy conservation standards; and (4) certification and enforcement procedures. Subject
to certain criteria and conditions, DOE is required to develop test procedures to measure
the energy efficiency, energy use, or estimated annual operating cost of each covered
product. (42 U.S.C. 6295(0)(3)(A) and 6316(a)) Manufacturers of covered products
must use the prescribed DOE test procedure as the basis for certifying to DOE that their

products comply with the applicable energy conservation standards adopted under EPCA

17 All references to EPCA in this document refer to the statute as amended through the Energy Efficiency
Improvement Act of 2015, Pub. L. 114-11 (Apr. 30, 2015).
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and when making representations to the public regarding the energy use or efficiency of
those equipment. (42 U.S.C. 6314(d)) Similarly, DOE must use these test procedures to
determine whether the equipment complies with standards adopted pursuant to EPCA.
Id. The DOE test procedures for pumps appear at title 10 of the Code of Federal

Regulations (CFR) part 431, subpart Y, appendix A.

DOE must follow specific statutory criteria for prescribing new or amended
standards for covered products, including pumps. Any new or amended standard for a
covered product must be designed to achieve the maximum improvement in energy
efficiency that is technologically feasible and economically justified. (42 U.S.C.
6313(a)(6)(C), 6295(0), and 6316(a)) Furthermore, DOE may not adopt any standard
that would not result in the significant conservation of energy. (42 U.S.C. 6295(0)(3) and
6316(a)) Moreover, DOE may not prescribe a standard: (1) for certain products,
including pumps, if no test procedure has been established for the product, or (2) if DOE
determines by rule that the standard is not technologically feasible or economically
justified. (42 U.S.C. 6295(0) and 6316(a)) In deciding whether a proposed standard is
economically justified, DOE must determine whether the benefits of the standard exceed
its burdens. DOE must make this determination after receiving comments on the
proposed standard, and by considering, to the greatest extent practicable, the following

seven statutory factors:

(1) The economic impact of the standard on manufacturers and consumers of the

equipment subject to the standard;

21



(2) The savings in operating costs throughout the estimated average life of the
covered products in the type (or class) compared to any increase in the price, initial
charges, or maintenance expenses for the covered products that are likely to result from
the standard,

(3) The total projected amount of energy (or as applicable, water) savings likely to
result directly from the standard,;

(4) Any lessening of the utility or the performance of the covered products likely
to result from the standard,;

(5) The impact of any lessening of competition, as determined in writing by the
Attorney General, that is likely to result from the standard;

(6) The need for national energy and water conservation; and

(7) Other factors the Secretary of Energy (Secretary) considers relevant.

(42 U.S.C. 6295(0)(2)(B)() (I)—(VII) and 6316(a))

Further, EPCA, as codified, establishes a rebuttable presumption that a standard is
economically justified if the Secretary finds that the additional cost to the consumer of
purchasing a product complying with an energy conservation standard level will be less
than three times the value of the energy savings during the first year that the consumer
will receive as a result of the standard, as calculated under the applicable test procedure.

(42 U.S.C. 6295(0)(2)(B)(iii)) and 6316(2))

EPCA, as codified, also contains what is known as an “anti-backsliding”

provision, which prevents the Secretary from prescribing any new standard that either
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increases the maximum allowable energy use or decreases the minimum required energy
efficiency of a covered product. (42 U.S.C. 6295(0)(1)) and 6316(a)) Also, the Secretary
may not prescribe an amended or new standard if interested persons have established by a
preponderance of the evidence that the standard is likely to result in the unavailability in
the United States in any covered product type (or class) of performance characteristics
(including reliability), features, sizes, capacities, and volumes that are substantially the
same as those generally available in the United States. (42 U.S.C. 6295(0)(4) and

6316(a))

Addttionally, EPCA specifies requirements when promulgating an energy
conservation standard for a covered equipment that has two or more subcategories. DOE
must specify a different standard level for a group of equipment that has the same
function or intended use if DOE determines that equipment within such group: (A)
consume a different kind of energy from that consumed by other covered equipment
within such type (or class); or (B) have a capacity or other performance-related feature
which other equipment within such type (or class) do not have and such feature justifies a
higher or lower standard. (42 U.S.C. 6295(q)(1)) and 6316(a)) In determining whether a
performance-related feature justifies a different standard for a group of equipment, DOE
must consider such factors as the utility to the consumer of such a feature and other
factors DOE deems appropriate. 1d. Any rule prescribing such a standard must include an
explanation of the basis on which such higher or lower level was established. (42 U.S.C.

6295(q)(2)) and 6316(a))
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Federal energy conservation requirements generally supersede State laws or
regulations concerning energy conservation testing, labeling, and standards. (42 U.S.C.
6297(a)—(c)) and 6316(a)) DOE may, however, grant waivers of Federal preemption for
particular State laws or regulations, in accordance with the procedures and other

provisions set forth under 42 U.S.C. 6297(d).

B. Background

Prior to this final rule, DOE did not have energy conservation standards for
pumps. In considering whether to establish standards for pumps, DOE issued a Request
for Information (RFI) on June 13, 2011. 76 FR 34192. DOE received several comments
in response to the RFI. In December 2011, DOE received a letter from the Appliance
Standards Awareness Project (ASAP) and the Hydraulic Institute indicating that
efficiency advocates (including ASAP, American Council for an Energy-Efficient
Economy, Natural Resources Defense Council, and Northwest Energy Efficiency
Alliance) and pump manufacturers (as represented by the Hydraulic Institute) had
initiated  discussions regarding potential energy conservation standards for pumps.
(EERE-2011-BT-STD-0031-0011.) In subsequent letters in March and April 2012, and
in a meeting with DOE in May 2012, the stakeholders reported on a tentative path
forward on energy conservation standards for clean water pumps, inclusive of the motor
and controls, and certification and labeling. (EERE-2011-BT-STD-0031-0010 and -

0012.)
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On February 1, 2013, DOE published a document in the Federal Register that
announced the availability of the “Commercial and Industrial Pumps Energy
Conservation Standard Framework Document,” solicted comment on the document, and
invited all stakeholders to a public meeting to discuss the document. 78 FR 7304. The
Framework Document described the procedural and analytical approaches that DOE
anticipated using to evaluate energy conservation standards for pumps, addressed
stakeholder comments related to the RFI, and identified and solicited comment on

various issues to be resolved in the rulemaking. (EERE-2011-BT-STD-0031-0013.)

DOE held the framework public meeting on February 20, 2013 and received
many comments that helped identify and resolve issues pertaining to pumps relevant to

this rulemaking.

As noted previously, DOE established a working group to negotiate proposed
energy conservation standards for pumps. Specifically, on July 23, 2013, DOE issued a
notice of intent to establish a commercial and industrial pumps working group (“CIP
Working Group”). 78 FR 44036. The working group was established under the
Appliance Standards and Rulemaking Federal Advisory Committee (ASRAC) in
accordance with the Federal Advisory Committee Act (FACA) and the Negotiated
Rulemaking Act (NRA). (5 U.S.C. App.; 5 U.S.C. 561-570) The purpose of the working
group was to discuss and, if possible, reach consensus on proposed standard levels for the

energy efficiency of pumps. The working group was to consist of representatives of
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parties having a defined stake in the outcome of the proposed standards, and the group

would consult as appropriate with a range of experts on technical issues.

DOE received 19 nominations for membership. Ultimately, the working group

consisted of 16 members, including one member from the ASRAC and one DOE

representative. (See Table 11.1) The working group met in-person during seven sets of

meetings held December 18-19, 2013 and January 30-31, March 4-5, March 26-27,

April 29-30, May 28-29, and June 17-19, 2014.

Table 11.1 ASRAC Pump Working Group Members and Affiliations

Member Affiliation
Lucas Adin U.S. Department of Energy
Tom Eckman Northwest Power and Conservation

Council (ASRAC Member)

Robert Barbour

TACO, Inc.

Charles Cappelino

ITT Industrial Process

Greg Case

Pump Design, Development and
Diagnostics

Gary Fernstrom

Pacific Gas & Electric Company, San
Diego Gas & Electric Company, Southern
California Edison, and Southern California

Gas Company

Mark Handzel

Xylem Corporation

Albert Huber Patterson Pump Company
Joanna Mauer Appliance Standards Awareness Project
Doug Potts American Water

Charles Powers

Flowserve Corporation, Industrial Pumps

Howard Richardson

Regal Beloit

Steve Rosenstock

Edison Electric Institute

Louis Starr Northwest Energy Efficiency Alliance
Greg Towsley Grundfos USA
Meg Waltner Natural Resources Defense Council

To facilitate the negotiations, DOE provided analytical support and supplied the

group with a variety of analyses and presentations, all of which are available in the
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docket (www.regulations.gov/#!docketDetail;D=EERE-2013-BT-NOC-0039). These
analyses and presentations, developed with direct input from the working group
members, include preliminary versions of many of the analyses discussed in this
rulemaking, including a market and technology assessment; screening analysis;
engineering analysis; energy use analysis; markups analysis; life cycle cost and payback
period analysis; shipments analysis; national impact analysis; and manufacturer impact

analysis.

On June 19, 2014, the working group reached consensus on proposed energy
conservation standards for specific types of pumps. The working group assembled their
recommendations into a term sheet (See EERE-2013-BT-NOC-0039-0092) that was
presented to, and approved by the ASRAC on July 7, 2014. DOE considered the
approved term sheet, along with other comments received during the rulemaking process,
in developing the proposed energy conservation standards. DOE published the notice of
proposed rulemaking (NOPR) on April 2, 2015 with proposed standards for pumps. 80
FR 17826. DOE received multiple comments from interested parties and considered
these comments in the preparation of the final rule. Relevant comments and DOE’s

responses are provided in the appropriate sections of this document.

C. Relevant Industry Sectors

The energy conservation standards adopted in this final rule will primarily affect
the pump and pumping equipment manufacturing industry. The North American Industry

Classification System (NAICS) classifies this industry under code 333911. DOE
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identified 86 manufacturers of pumps covered under this adopted rule, with 56 of those
being domestic manufacturers. The leading U.S. industry association for the pumps

covered under this adopted rule is the Hydraulic Institute (HI).

I1l. General Discussion
DOE developed this final rule after considering comments, data, and information
from interested parties that represent a variety of interests. The following discussion

addresses issues raised by these commenters.

In developing this final rule, DOE reviewed comments received on the April 2015
energy conservation standards NOPR (herein referred to as “NOPR”). 80 FR 17826.
Commenters included: the Hydraulic Institute (HI); Wilo USA (Wilo); Pacific Gas and
Electric Company, San Diego Gas and Electric, Southern California Gas Company, and
Southern California Edison collectively, the CA I0Us); Edison Electric Institute (EEI);
The Appliance Standards Awareness Project (ASAP), Natural Resources Defense
Council (NRDC), the Northwest Energy Efficiency Alliance, and the Northwest Power
and Conservation Council (collectively, the Advocates); the Cato Institute; and the U.S.
Chamber of Commerce, the American Chemistry Council, the American Forest & Paper
Association, the American Fuel & Petrochemical Manufacturers, the American
Petroleum Institute, the Brick Industry Association, the Council of Industrial Boiler
Owners, the National Association of Manufacturers, the National Mining Association, the

National Oilseed Processors Association, and the Portland Cement Association
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(collectively, “the Associations”). DOE addressed all relevant stakeholder comments and

requests throughout this final rule.

DOE notes that they received two comments in support of the proposed standards
in general. Specifically, the Advocates and the CA IOUs supported the proposed
standards (which are consistent with TSL 2 in the final rule) and believed they reflect the
negotiations of the ASRAC working group. (Advocates, No. 49 at p. 1;'® CA I0Us, No.
50 at p. 1) The following sections describe the specifics of DOE’s proposed standard and

all relevant comments from interested parties.

A. Definition of Covered Equipment

Although pumps are listed as covered equipment under 42 U.S.C. 6311(1)(A), the
term “pump” is not defined in EPCA. In the test procedure final rule (See EERE-2013-
BT-TP-0055) DOE defined “pump” to clarify what constitutes covered equipment. The
definition reflects the consensus reached by the CIP Working Group in its negotiations:
“Pump” means equipment designed to move liquids (which may include entrained gases,
free solids, and totally dissolved solids) by physical or mechanical action and includes a
bare pump and, if included by the manufacturer at the time of sale, mechanical
equipment, driver and controls. In the test procedure final rule, DOE also defined “bare
pump,” “mechanical equipment,” “driver,” and “controls,” as recommended by the CIP

Working Group.

18 A notation in the form “Advocates, No. 49 atp. 1 identifies a written comment that DOE has received
and has included in the docket of this rulemaking (Docket No. EERE-2011-BT-STD-0031). This particular
notation refers to (1) a comment submitted by the Advocates, (2) in document number 49 in the docket of
this rulemaking, and (3) appearing on page 1 of document number 49.
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B. Scope of the Energy Conservation Standards in this Rulemaking

The pumps for which DOE is setting energy conservation standards in this
rulemaking are consistent with the scope of applicability of the test procedure final rule.
(See EERE-2013-BT-TP-0055) This scope is also consistent with the recommendations
of the CIP Working Group and includes the following five equipment categories, which

are defined in the test procedure final rule:

e End suction close-coupled,

e End suction frame mounted/own bearings,

e In-line,

e Radially split, multi-stage, vertical, in-line diffuser casing, and

e Submersible turbine.

As discussed in the test procedure final rule (See EERE-2013-BT-TP-0055), DOE
is further limiting the scope of this rulemaking to clean water pumps. DOE defined
“clean water pump” as a pump that is designed for use in pumping water with a
maximum non-absorbent free solid content of 0.016 pounds per cubic foot, and with a
maximum dissolved solid content of 3.1 pounds per cubic foot, provided that the total gas
content of the water does not exceed the saturation volume, and disregarding any

additives necessary to prevent the water from freezing at a minimum of 14 °F.
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In the test procedure final rule (See EERE-2013-BT-TP-0055), DOE also
specified several kinds of pumps that fall within one of the five equipment categories and
are clean water pumps, but will not be subject to the test procedure, in accordance with
CIP Working Group recommendations. DOE has not adopted standards for these pumps

in this rule:

a) fire pumps;

b) self-priming pumps;

C) prime-assist pumps;

d) magnet driven pumps;

e) pumps designed to be used in a nuclear facility subject to 10 CFR part 50 -
- Domestic Licensing of Production and Utilization Facilities; and

f) apump meeting the design and construction requirements set forth in
Military Specification MIL-P-17639F, ‘“Pumps, Centrifugal,
Miscellaneous Service, Naval Shipboard Use” (as amended); MIL-P-
17881D, “Pumps, Centrifugal, Boiler Feed, (Multi-Stage)” (as amended);
MIL-P-17840C, “Pumps, Centrifugal, Close-Coupled, Navy Standard (For
Surface Ship Application)” (as amended); MIL-P-18682D, ‘“Pump,
Centrifugal, Main Condenser Circulating, Naval Shipboard” (as
amended); MIL-P-18472G, “Pumps, Centrifugal, Condensate, Feed
Booster, Waste Heat Boiler, And Distilling Plant” (as amended). Military
specifications and standards are available for review at

http://everyspec.com/MIL-SPECS.
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In the test procedure final rule (See EERE-2013-BT-TP-0055), DOE defined “fire
pump,” “self-priming pump,” “prime-assist pump,” and “magnet driven pump.” DOE
also limited the applicability of the test procedure to those pumps with the following

characteristics:

e 25 gallons/minute and greater (at BEP at full impeller diameter);

e 459 feet of head maximum (at BEP at full impeller diameter and the number of
stages specified for testing);

e Design temperature range from 14 to 248 °F;

e Pumps designed to operate with either: (1) a 2- or 4-pole induction motor, or (2) a
non-induction motor with a speed of rotation operating range that includes speeds
of rotation between 2,880 and 4,320 revolutions per minute and/or 1,440 and
2,160 revolutions per minute, and in either case, the driver and impeller must
rotate at the same speed;*°

e For VTS pumps, 6 inch or smaller bowl diameter; and

e For ESCC and ESFM pumps, specific speed less than or equal to 5000 when

calculated using U.S. customary units.?°

19 The CIP Working Group recommendation specified pumps designed for nominal 3600 or 1800
revolutions per minute (rpm) driver speed. However, it was intended that this would include pumps driven
by non-induction motors as well. DOE believes that its clarification accomplishes the same intent while
excluding niche pumps sold with non-induction motors that may notbe able to be tested according to the
proposed test procedure. The test procedure final rule contains additional details.

2% DOE notes that the NOPR included a scope limitation of 1 to 200 hp. In the test procedure final rule,
these parameters have been included in the equipment category definitions. Therefore, the limitation is no
longer listed separately.
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In this final rule, DOE is not adopting standards for pumps that do not have these
characteristics. DOE responded to all comments on these scope parameters in the test
procedure final rule (See EERE-2013-BT-TP-0055) including those from Wilo regarding
horsepower, BEP flow, and speed, provided in the energy conservation standards docket

(See Wilo, No. 44 at p. 1-2).

DOE also specified in the test procedure final rule (See EERE-2013-BT-TP-0055)
that all pump models must be rated and certified in a full impeller configuration, as
recommended by the CIP Working Group. (See EERE-2013-BT-NOC-0039-0092,

Recommendation No.7).?' DOE also specified a definition for full impeller in that rule.

C. Test Procedure and Metric

DOE established a uniform test procedure for determining the energy
consumption of certain pumps, as well as sampling plans for the purposes of
demonstrating compliance with the energy conservation standards that DOE is adopting
in this final rule. In the test procedure final rule (See EERE-2013-BT-TP-0055), DOE
prescribed test methods for measuring the energy consumption of pumps, inclusive of
motors and/or controls, by measuring the produced hydraulic power and measuring or
calculating the shaft power and/or electric input power to the motor or controls.

Consistent with the recommendations of the CIP Working Group, DOE specified that

1 The CIP Working Group made this recommendation because a given pump may be distributed toa
particular customer with its impeller trimmed, and impeller trim has a direct impact on a pump’s
performance characteristics. For any pump sold with a trimmed impeller, it was recommended thatthe
certification rating for that pump model with a full diameter impeller would apply. This approach would
limit the overall burden when measuring the energy efficiency of a given pump. In addition, a rating at full
impeller diameter will typically be the most consumptive rating for the pump.
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these methods be based on Hydraulic Institute (HI) Standard 40.6-2014, “Hydraulic
Institute Standard for Method for Rotodynamic Pump Efficiency Testing,” hereinafter
referred to as “HI 40.6-2014.” (See EERE-2013-BT-NOC-0039-0092, Recommendation
No. 10.) DOE specified additions to HI 40.6-2014 to account for the energy performance

of motors and/or controls, which is not addressed in HI 40.6-2014.

Wilo commented on several elements of the test procedure. Namely, Wilo noted
that there are no standard losses associated with VVFDs; that calculation-based methods in
the test procedure should be eliminated; and that the allowed fluctuations in power
measure such as voltage and frequency will cause error and discrepancy between tests
conducted by manufacturers and DOE. (Wilo, No. 44 at p. 3). DOE has addressed these

comments in the pumps test procedure final rule (See EERE-2013-BT-TP-0055).

The test procedure final rule (See EERE-2013-BT-TP-0055) specifies that the
energy conservation standards for pumps be expressed in terms of a constant load PEI
(PElcL) for pumps sold without continuous or non-continuous controls (i.e., either bare
pumps or pumps sold inclusive of motors but not continuous or non-continuous controls)
or a variable load PEI (PEl\.) for pumps sold with continuous or non-continuous
controls. The PElcL or PEly, as applicable, describes the weighted average performance
of the rated pump, inclusive of any motor and/or controls, at specific load points,
normalized with respect to the performance of a “minimally compliant pump” (as defined

in section 111.C.1) without controls. The metrics are defined as follows:

PER,, ]

PEl., = [
¢ |PERy,
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_ PERVL]
~ lPER;,

Eq. 1
Where:
PERc. = the equally-weighted average electric input power to the pump measured
(or calculated) at the driver input over a specified load profile, as tested in
accordance with the DOE test procedure. This metric applies only to pumps in a
fixed speed equipment class. For bare pumps, the test procedure specifies the

default motor loss values to use in the calculations of driver input.

PER\L = the equally-weighted average electric input power to the pump measured
(or calculated) at the controller input over a specified load profile as tested in
accordance with the DOE test procedure. This metric applies only to pumps in a

variable speed equipment class.

PERstp = the PER rating of a minimally compliant pump (as defined in section
I11.C.1). It can be described as the allowable weighted average electric input
power to the specific pump, as calculated in the test procedure. This metric

applies to all equipment classes.

A value of PEI greater than 1.00 indicates that the pump consumes more energy

than allowed by DOE’s energy conservation standard and thus does not comply. A value
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less than 1.00 indicates that the pump consumes less energy than the level required by the

standard.

HI requested that DOE release a calculation tool for both PEIc. and PEly, to
ensure that all manufacturers are rating pumps in the same manner. (HI, No. 45 at pp. 2-
3). Wilo also commented that, in absence of such a calculation tool, parties could
potentially make errors in calculating PEIL. (Wilo, No. 44 at p. 3). As a convenience to
interested parties, DOE has provided a draft Excel spreadsheet designed to perform the
calculations necessary to determine PEI.?> DOE notes that interested parties should not
rely on this spreadsheet and should consult the final test procedure rule (See EERE-2013-
BT-TP-0055) for the formulas for calculating PEI. Ultimately, it is the responsibility of
any party certifying the performance of a given pump to ensure the accuracy of

calculation of PEI according to the DOE test procedure.

1. PER of a Minimally Compliant Pump

DOE is using a standardized, minimally compliant bare pump, inclusive of a
minimally compliant motor, as a reference pump for each combination of flow at BEP
and specific speed. The efficiency of a minimally compliant pump is defined asa
function of certain physical properties of the bare pump, such as flow at BEP and specific

speed (Ns), as shown in equation 2:

22 The draft PEI calculator is available at: http://www.energy.gov/eere/buildings/downloads/draft-pei-
calculator

36



Mump s7o = —0.8500 % In(Qy009,)% — 0.3800 * In(Ns) * In(Qy05,) — 11.480

In(Ns)2 + 17.800 * In(Q,0q4,) + 179.80 * In(Ns) — (C + 555.60) Eq, 2

Where:
Q1000, = BEP flow rate of the tested pump at full impeller diameter and
nominal speed of rotation (gpm),
Ns = specific speed of the tested pump at 60 Hz and calculated using U.S.
customary units, and
C =aconstant that is set for the surface based on the speed of rotation and

equipment category of the pump model.

As noted in the test procedure final rule, DOE developed this equation based on
the equation used in the EU to develop its regulations for clean water pumps, translated

to 60 Hz electrical input power and U.S. customary units.?®

The C-value is the translational component of the three-dimensional polynomial
equation that controls pump efficiency by a constant factor across the entire range of flow
and specific speed. A positive or negative change in C-value corresponds to a decrease
or increase in the pump efficiency of a minimally compliant pump, respectively. The

efficiency of the minimally compliant pump calculated from this function corresponds to

23 The equation to define the minimally compliant pump in the EU is of the same form, but employs
different coefficients to reflect the fact that the flow will be reported in m*/h at 50 Hz and the specific speed
will also be reported in metric units. Specific speed is a dimensionless quantity, but has a different
magnitude when calculated using metric versus U.S. customary units. DOE notes thatan exact translation
from metric to U.S. customary units is not possible due to the logarithmic relationship of the terms.
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pump efficiency at BEP flow. This value is adjusted to determine the minimally
compliant pump efficiency at 75 percent and 110 percent of BEP flow using the scaling
values implemented in the EU regulations for clean water pumps. Namely, the efficiency
at 75 percent of BEP flow is assumed to be 94.7 percent of that at 100 percent of BEP
flow and the pump efficiency at 110 percent of BEP flow is assumed to be 98.5 percent

of that at 100 percent of BEP flow.

Using the efficiency of a minimally compliant pump, PER for a minimally

compliant pump is determined using equation 3:

()

Z w; o + L,
i=75%,100%,110% « |Mpump,STD
a; x [ /100

1)u 75% Pu 100%
= Woeg : + Loco, |+ W00 . + Lo00
75% <0.947X[npump,STD/100] 75% 100% LOOOX[npump,STD/lOO] 100%

P 0
+(,l) u,110% + L
110% <0.985X[npump,STD/100] 110%
Eq. 3
Where:

o; = weighting at each load point i (equal weighting or 0.3333 in this case);

Pui =the measured hydraulic output power at load point i of the tested pump

(hp);

aj = 0.947 for 75 percent of the BEP flow rate, 1.000 for 100 percent of the
BEP flow rate, and 0.985 for 110 percent of the BEP flow rate;
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Mpump,sTD = the minimally compliant pump efficiency, as determined in
accordance with equation 2,

L; = the motor losses at load point i, as determined in accordance with the
procedure specified in the DOE test procedure, and

i = load point corresponding to 75%, 100%, and 110% of BEP flow, as

determined in accordance with the DOE test procedure.

Equation 3 defines PER as a function of the average power input to the pump
motor at three load points, 75%, 100%, and 110% of BEP flow. The input power to the
motor at each load point comprises a shaft input power term and a motor loss term. The
shaft input power is computed as the quotient of hydraulic output power divided by the
minimally compliant pump efficiency, where the pump hydraulic output power for the
minimally compliant pump is the same as that for the particular pump being evaluated.
As described in the test procedure final rule, the corresponding motor loss term is
calculated assuming a minimally compliant motor that is sized for the calculated shaft
input power at 120% BEP flow, as well as the default part-load loss curve. The
applicable minimum motor efficiency is determined as a function of construction (i.e.,
open or enclosed), number of poles, and horsepower as specified by DOE’s energy
conservation standards for electric motors at 10 CFR 431.25. PERsrp is then determined
as the weighted average input power to the motor at each load point, as shown in

equation 3.
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DOE selected several C-values to establish the efficiency levels analyzed in this
final rule. Each C-value and efficiency level accounts for pump efficiency at all load
points as well as motor losses, and does so equivalently across the full scope of flow and
specific speed encompassed by this final rule. See section 1V.C.4 for a complete

examination of the efficiency levels analyzed in this rulemaking.

D. Compliance Date

Pump manufacturers must comply with the energy conservation standards
established in this final rule as of January 27, 2020. The compliance date is consistent
with the recommendations of the CIP Working Group. (See EERE-2013-BT-NOC-0039-
0092, Recommendation No. 9) In its analysis, DOE used an analysis period of 2020

through 2049.

E. Technological Feasibility

1. General

EPCA requires that any new or amended energy conservation standard that DOE
prescribes be designed to achieve the maximum improvement in energy efficiency that
DOE determines is technologically feasible. (42 U.S.C. 6295(0)(2)(A) and 6316(a).) In
determining the maximum possible improvement in energy efficiency, DOE conducts a
screening analysis based on all current technology options and working prototype designs
that could improve the efficiency of the products or equipment that are the subject of the

rulemaking. DOE develops a list of technology options for consideration in consultation
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with manufacturers, design engineers, and other interested parties. DOE then determines

which of those means for improving efficiency are technologically feasible.

After DOE has determined that particular technology options are technologically
feasible, it further evaluates each technology option in light of the following additional
screening criteria: (1) practicability to manufacture, install, and service; (2) adverse
impacts on product utility or availability; and (3) adverse impacts on health or safety. (10
CFR part 430, subpart C, appendix A, section 4(a)(4)(ii)-(iv).) Section IV.B of this final
rule discusses the results of the screening analysis for pumps, particularly the designs
DOE considered, those it screened out, and those that are the basis for the trial standard
levels (TSLs) in this rulemaking. For further details on the screening analysis for this

rulemaking, see chapter 4 of the final rule TSD.

2. Maximum Technologically Feasible Levels

When DOE adopts a new or amended standard for a type or class of covered
equipment, it must determine the maximum improvement in energy efficiency or
maximum reduction in energy use that is technologically feasible for such equipment.
(42 U.S.C. 6295(p)(1) and 6316(a)). Accordingly, in the engineering analysis, DOE
determined the maximum technologically feasible (“max-tech”) improvements in energy

efficiency for pumps, using the design options that passed the screening analysis.
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F. Energy Savings

1. Determination of Savings

For each TSL, DOE projected energy savings from the pumps that are the subject
of this rulemaking purchased in the 30-year period that begins in the first full year of
compliance with new standards (2020—2049).2* The savings are measured over the entire
lifetime of pumps purchased in the 30-year analysis period. DOE quantified the energy
savings attributable to each TSL as the difference in energy consumption between each
standards case and the no-new-standards case. The no-new-standards case represents a
projection of energy consumption that currently exists in the marketplace in the absence
of mandatory efficiency standards, and it considers market forces and policies that affect
demand for more efficient products. To estimate the no-new-standards case, DOE used

data provided by the CIP Working Group, as discussed in section 1V.H.2.

DOE used its national impact analysis (NIA) spreadsheet model to estimate
energy savings from potential new standards for the equipment that is the subject of this
rulemaking. The NIA spreadsheet model (described in section IV.H of this document)
calculates energy savings in site energy, which is the energy directly consumed by
products at the locations where they are used. For electricity, DOE reports national
energy savings in terms of primary energy savings, which is the savings in the energy that
is used to generate and transmit the site electricity. To calculate this primary energy
savings, DOE derives annual conversion factors from the model used to prepare the

Energy Information Administration’s (EIA) 2015 Annual Energy Outlook (AEO).

24 DOE also presents asensitivity analysis that considers impacts for products shipped in a nine-year
period.
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DOE also estimates full-fuel-cycle (FFC) energy savings, as discussed in DOE’s
statement of policy and notice of policy amendment. 76 FR 51282 (August 18, 2011), as
amended at 77 FR 49701 (August 17, 2012). The FFC metric includes the energy
consumed in extracting, processing, and transporting primary fuels (i.e., coal, natural gas,
petroleum fuels) and, thus, presents a more complete picture of the impacts of energy
efficiency standards. DOE’s approach is based on the calculation of an FFC multiplier
for each of the energy types used by the covered equipment. For more information on

FFC energy savings, see section IV.H.1l.a.

2. Significance of Savings

To adopt standards for a covered product, DOE must determine that such action
would result in “significant” energy savings. (42 U.S.C. 6295(0)(3)(B)) and 6316(a).)
Although the term “significant” is not defined in the Act, the U.S. Court of Appeals, for

the District of Columbia Circuit in Natural Resources Defense Council v. Herrington, 768

F.2d 1355, 1373 (D.C. Cir. 1985), indicated opined that Congress mntended “significant”
energy savings in the context of EPCA to be savings that were not “genuinely trivial.”
The energy savings for all the TSLs considered in this rulemaking, including the adopted
standards, are nontrivial, and, therefore, DOE considers them “significant” within the

meaning of section 325 of EPCA.
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G. Economic Justification

1. Specific Criteria

As noted above, EPCA provides seven factors to be evaluated in determining
whether a potential energy conservation standard is economically justified. (42 U.S.C.
6295(0)(2)(B)(i) and 6316(a).) The following sections discuss how DOE has addressed

each of those seven factors in this rulemaking.

a. Economic Impact on Manufacturers and Consumers

In determining the impacts of a potential new or amended standard on
manufacturers, DOE conducts a manufacturer impact analysis (MIA), as discussed in
section 1V.J. DOE first uses an annual cash-flow approach to determine the quantitative
impacts. This step includes both a short-term assessment—based on the cost and capital
requirements during the period between when a regulation is issued and when entities
must comply with the regulation—and a long-term assessment over a 30-year period.
The industry-wide impacts analyzed include: (1) industry net present value (INPV),
which values the industry on the basis of expected future cash flows; (2) cash flows by
year; (3) changes in revenue and income; and (4) other measures of impact, as
appropriate. Second, DOE analyzes and reports the impacts on different types of
manufacturers, including impacts on small manufacturers. Third, DOE considers the
impact of standards on domestic manufacturer employment and manufacturing capacity,
as well as the potential for standards to result in plant closures and loss of capital
investment. Finally, DOE takes into account cumulative impacts of various DOE

regulations and other regulatory requirements on manufacturers.

44



For individual consumers, measures of economic impact include the changes in
LCC and payback period (PBP) associated with new or amended standards. These
measures are discussed further in the following section. For consumers in the aggregate,
DOE also calculates the national net present value of the economic impacts applicable to
a particular rulemaking. DOE also evaluates the LCC impacts of potential new standards
on identifiable subgroups of consumers that may be affected disproportionately by a

national standard.

b. Savings in Operating Costs Compared to Increase in Price (LCC and PBP)

EPCA requires DOE to consider the savings in operating costs throughout the
estimated average life of the covered product in the type (or class) compared to any
increase in the price of, or in the initial charges for, or maintenance expenses of, the
covered product that are likely to result from a standard. (42 U.S.C. 6295(0)(2)(B)(i)(II)

and 6316(a).) DOE conducts this comparison in its LCC and PBP analysis.

The LCC is the sum of the purchase price of a product (including its installation)
and the operating cost (including energy, maintenance, and repair expenditures)
discounted over the lifetime of the product. The LCC analysis requires a variety of
inputs, such as product prices, product energy consumption, energy prices, maintenance
and repair costs, product lifetime, and discount rates appropriate for consumers. To
account for uncertainty and variability in specific inputs, such as product lifetime and

discount rate, DOE uses a distribution of values, with probabilities attached to each value.
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The PBP is the estimated amount of time (in years) it takes consumers to recover
the increased purchase cost (including installation) of a more-efficient product through
lower operating costs. DOE calculates the PBP by dividing the change in purchase cost
due to a more-stringent standard by the change in annual operating cost for the year that

standards are assumed to take effect.

For its LCC and PBP analysis, DOE assumes that consumers will purchase the
covered products in the first year of compliance with new standards. The LCC savings
for the considered efficiency levels are calculated relative to the case that reflects
projected market trends in the absence of new standards. DOE’s LCC and PBP analysis

is discussed in further detail in section IV.F.

c. Energy Savings

Although significant conservation of energy is a separate statutory requirement
for adopting an energy conservation standard, EPCA requires DOE, in determining the
economic justification of a standard, to consider the total projected energy savings that
are expected to result directly from the standard. (42 U.S.C. 6295(0)(2)(B)(i)(I11) and
6316(a).) As discussed in section IV.H, DOE uses the NIA spreadsheet to project

national energy savings.
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d. Lessening of Utility or Performance of Products

In establishing classes of equipment, and in evaluating design options and the
impact of potential standard levels, DOE evaluates potential new standards that would
not lessen the utility or performance of the considered products. (42 U.S.C.
6295(0)(2)(B)(i)(1V) and 6316(a).) Based on data available to DOE, the standards
adopted in the final rule would not reduce the utility or performance of the equipment

under consideration in this rulemaking.

e. Impact of Any Lessening of Competition

EPCA directs DOE to consider the impact of any lessening of competition, as
determined in writing by the Attorney General that is likely to result from a standard. (42
U.S.C. 6295(0)(2)(B)()(V) and 6316(a).) It also directs the Attorney General to
determine the impact, if any, of any lessening of competition likely to result from a
standard and to transmit such determination to the Secretary within 60 days of the
publication of a proposed rule, together with an analysis of the nature and extent of the
impact. (42 U.S.C. 6295(0)(2)(B)(ii)) and 6316(a).) DOE transmitted a copy of its
proposed rule to the Attorney General with a request that the Department of Justice
(DOJ) provide its determination on this issue. In a letter dated July 10, 2015, DOJ stated
that it did not have sufficient information to conclude that the proposed energy
conservation standards or test procedure likely will substantially lessen competition in
any particular product or geographic market. However, DOJ noted that the possibility
exists that the proposed energy conservation standards and test procedure—which will

apply to a broad range of pumps—may result in anticompetitive effects in certain pump
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markets. Specifically in relation to the proposed standards, DOJ expressed concern that
“by design, the bottom quartile of pumps in each class of covered pumps will not meet
the new standards. The non-compliance of the bottom quartile of pump models may
result in some manufacturers stopping production of pumps altogether and fewer firms
producing models that comply with the new standards. At this point, it is not possible to

determine the impact on any particular product or geographic market.”

Although the terminology in this rule is different from that typically used in
energy conservation standards rulemaking documents, as requested by the Pumps
Working Group, the options for non-compliant models are no different from other rules.
In all energy conservation standards rulemakings that set new standards or amend
standards, a certain percentage of the market is affected by the standard. The percentage
of affected pumps is represented by any models below the amended standard, which may
have a distribution of efficiencies (i.e., some pump models will be closer to the new or
amended standard level than others). It is not unusual for a large fraction of models
(sometimes greater than 25%) to be at or near the baseline and thus be impacted. As in all
rulemakings, manufacturers have a choice between re-designing a non-compliant model

to meet the standard and discontinuing it.

